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6ORYDNLDLVQRWSRVVLELOLW\WRPDNHDQDW\SLFDOEHDULQJ±XVLQJDFDUERQILEHULQVWHDGRIVWHHOUHLQIRUFLQJSODWHV7KH
DXWKRUVWULHGLWEXWZLWKRXWVXFFHVV7KHUHIRUHLWKDVEHHQZRUNLQJZLWKEHDULQJVZLWKVWHHOSODWHVEXWZLWKPRGLILHG
SDUDPHWHUV7KHSDSHUGHDOVZLWKWKHHIIHFWVRIUHLQIRUFHPHQWVSULPDULO\WKHQXPEHURIDQHODVWRPHULFOD\HUVDQG
WKHLUWKLFNQHVV


)LJ7KHEHDULQJVORDGLQJVFKHPHV
1.1. Effect of the thickness of an elastomer layer 
)LJ UHSUHVHQWV WKH QRQOLQHDU GHSHQGHQF\ RI YHUWLFDO GHIOHFWLRQ Y] RQ DPD[LPDO YHUWLFDO ORDG DW D FRQVWDQW
WKLFNQHVVDQGPPRIDQHODVWRPHUOD\HU$FFRUGLQJWRIRUPXODYHUWLFDOGHIOHFWLRQGHSHQGVRQWKUHH
YDULDEOHYDOXHV±WKHHIIHFWLYHDUHD$HIIWKHWKLFNQHVVRIWKHLQGLYLGXDOHODVWRPHUOD\HUWLDQGWKHVKDSHIDFWRU6,WFDQ
EHVHHQ WKDWDQLQFUHDVHRI WKLFNQHVVRIHODVWRPHU OD\HUUHVXOWV LQDGHFUHDVHGPD[LPDOYHUWLFDO ORDGDQG LQFUHDVHG
YHUWLFDOGHIOHFWLRQ7KHPD[LPDOYHUWLFDOORDGPD[LPDOYHUWLFDOGHIOHFWLRQDQGVKDSHIDFWRURIWKHEHDULQJDUHJLYHQ
E\WKHIROORZLQJIRUPXODV
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)LJ'HSHQGHQFHRIPD[LPDOYHUWLFDOORDGRQWKHVKDSHIDFWRUIRUWKLFNQHVVRIDQGPPHODVWRPHUOD\HUV
7KHJUDSKDQGIRUPXODVVKRZVWKDWWKHQXPEHURIHODVWRPHULFOD\HUVV\PEROQLDFFRUGLQJ(1GRHVQRW
KDYHDQLQIOXHQFHRQWKHDOORZHGYHUWLFDOORDGYHUWLFDOGHIOHFWLRQDQGVKDSHIDFWRU7KHUHVXOWLVWKDWVWDQGDUG(1
GRHVQRWH[SHFWDQRQOLQHDUEHKDYLRURIHODVWRPHULFEHDULQJDQGQRLQIOXHQFHRIQXPEHURIHODVWRPHULFOD\HUV
RQPD[LPDOORDG7KHVHHIIHFWVKDYHEHHQYHULILHGE\QXPHULFDOPRGHOLQJDQGH[SHULPHQWDOWHVWLQJLQQH[WSDUWRIWKH
ZRUN
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7HVWLQJPHWKRGV
1RZDGD\VWKHFXUUHQW671(1VWDQGDUGUHFRPPHQGVWKUHHPHWKRGVRIWHVWLQJHODVWRPHULFEHDULQJ7KLV
UHVXOWVIURPWKHWKUHHUHDFWLRQVPRVWRIWHQIURPDORDGEHDULQJVWUXFWXUH±YHUWLFDOORDGKRUL]RQWDOPRYHPHQWDQG
URWDWLRQ 7KHVH UHDFWLRQV DUH YHULILHG E\ WKH FRPSUHVVLRQ WHVWPHWKRG VKHDU PRGXOXV WHVW PHWKRG DQG UHVWRULQJ
PRPHQWWHVWPHWKRG7KHEHDULQJVGHVFULEHGLQ7DEDQG)LJZHUHGHVLJQHGIRUWKHH[SHULPHQWDOYHULILFDWLRQ
7DE1XPEHULQJRIEHDULQJDQGGLPHQVLRQVDQGQXPEHUDQGWKLFNQHVVRIOD\HUV
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)LJ%HDULQJVGHVLJQHGIRUWKHH[SHULPHQWDOWHVWLQJ
2.1. Compression test method 
$FRPSUHVVLYHORDGRFFXUVLQHYHU\ILHOGRIWKHDSSOLFDWLRQRIHODVWRPHULFEHDULQJV7KHGHIRUPDWLRQRIWKHEHDULQJ
LVLQIOXHQFHGE\WKHXVHRIUHLQIRUFLQJOD\HUV7KHPDLQSDUDPHWHUVRIWKHFRPSUHVVLYHORDGDUHWKHPD[LPDOYHUWLFDO
IRUFH YHUWLFDO GHIOHFWLRQ DQG WKH PRGXOXV RI HODVWLFLW\ LQ FRPSUHVVLRQ (& 7KH WHVW FRQVLVWV RI PHDVXULQJ WKH
FRPSUHVVLRQRIDQHODVWRPHULFEHDULQJZKHQVXEMHFWHGWRLQFUHDVLQJFRPSUHVVLYHORDGV7HVWLQJSURFHGXUHVSHFLILHG
E\WKHVWDQGDUG>@LVVKRZQLQ)LJD
 
)LJD7HVWLQJSURFHGXUHIRUWKHILUVWORDGLQJDFFRUGLQJWRVWDQGDUG(1E7HVWLQJHTXLSPHQW
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7KHVWDQGDUG>@UHFRPPHQGVWKUHHOHYHOWHVWLQJSURFHGXUHVZKHUHWKHWHVWSLHFHVKRXOGEHSODFHGDWWKHFHQWUHRI
WKH WHVWLQJSODWHQ7KHPD[LPXP ORDG  VKDOOEHDSSOLHG WR WKHEHDULQJKHOG IRUPLQDQG WKHQ UHPRYHG7KH
UHFRPPHQGHGORDGLQJVSHHGLV03DPLQ7KLVSURFHVVLVUHSHDWHGVRWKDWWZRFRPSOHWHORDGLQJDQGXQORDGLQJ
F\FOHVDUHFDUULHGRXW$IWHUDIXUWKHUPLQXQGHU]HURORDGWKHQH[WORDGLVDSSOLHGSURJUHVVLYHO\ZLWKDPLQLPXP
RI VL[ LQFUHPHQWV$W HDFKPHDVXULQJSRLQW WKH ORDG LVPDLQWDLQHG DW D FRQVWDQWYDOXH IRU DPLQLPXPPLQ WR
PLQLPL]HWKHYLVFRHODVWLFHIIHFWV$IWHUWKHILUVWORDGLQJWKHPD[LPXPFRPSUHVVLYHORDGLVDSSOLHGSURJUHVVLYHO\ZLWK
DPLQLPXPRIILYHLQFUHPHQWVDWDUDWHRI03D

 
)LJD9HUWLFDOGHIOHFWLRQLQILUVWORDGLQJ±OHYHO,,,EOHYHO,,,
   
)LJD7HVWLQJSURFHGXUHEYHUWLFDOGHIOHFWLRQDFFRUGLQJWRVWDQGDUG(1LQVHFRQGORDGLQJ
2.2. Shear modulus test method 
7KH WHVW FRQVLVWV RIPHDVXULQJ WKH VKHDUGHIOHFWLRQRI DSDLU RI LGHQWLFDO EHDULQJVZKHQ WKH\ DUH VXEMHFWHG WR
LQFUHDVLQJVKHDUORDGV)URPWKHVHPHDVXUHPHQWVWKHDSSDUHQWVKHDUPRGXOXVLVFDOFXODWHG



)LJD7HVWLQJSURFHGXUHIRUVKHDUPRGXOXVWHVWPHWKRGE7HVWLQJHTXLSPHQWIRUWKHVKHDUPRGXOXV


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7KHWHVWSLHFHVVKRXOGEHSODFHGV\PPHWULFDOO\RQHDFKVLGHRIWKHPRYHDEOHSODWHVRWKDWWKHVKHDUGLUHFWLRQLV
DFURVVWKHZLGWKRIWKHEHDULQJ$PHDQSUHVVXUHRI03DVKRXOGEHDSSOLHG7KHQWKHEHDULQJVVKRXOGEHVXEMHFWHG
WRDVKHDUDWDFRQVWDQWDQGPD[LPXPVSHHGRIPPPLQXWHWRWKHPD[LPXPWHVWGHIOHFWLRQRIRIWKHWRWDO
LQLWLDOWKLFNQHVVRIWKHHODVWRPHU7HDQGWKHQUHWXUQHGWR]HURGHIOHFWLRQ7KHFRPSUHVVLYHORDGVKRXOGEHUHPRYHG
DQGWKHWHVWSLHFHVOHIWXQGLVWXUEHGIRUILYHPLQXWHV7KHF\FOHVKRXOGWKHQEHUHSHDWHG
$FRQYHQWLRQDOVKHDUPRGXOXVLVREWDLQHGIURPWKHPHDVXUHPHQWXVLQJ
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ZKHUH
ĲVLVWKHVKHDUVWUHVVDQGİVWKHVKHDUVWUDLQDWDGHIRUPDWLRQRIY[ 7H
ĲVLVWKHVKHDUVWUHVVDQGİVWKHVKHDUVWUDLQDWDGHIRUPDWLRQRIY[ 7H
2.3. Restoring moment test method 
7KHUHVWRULQJPRPHQWLVGHILQHGDVWKHPRPHQWUHTXLUHGWRURWDWHDEHDULQJWKURXJKDUHTXLUHGDQJOH7KLVW\SHRI
ORDGLQEULGJHHQJLQHHULQJLVFDXVHGE\DWUDIILFORDG
 
)LJD/RDGLQJSURFHVVE7HVWLQJHTXLSPHQWIRUUHVWRULQJPRPHQWWHVWPHWKRG
7KHPRPHQWLVDSSOLHGWKURXJKDOHYHUDUPEHWZHHQWZRLGHQWLFDOEHDULQJV7KHEHDULQJVKRXOGEHURWDWHGDWD
VSHFLILHGIUHTXHQF\ZKLOHEHLQJVXEMHFWHGWRWKHVSHFLILHGFRPSUHVVLYHORDGIRUF\FOHV7KHIRUFHRQWKHOHYHUDUP
VKRXOGEHUHFRUGHG7KHH[SHULPHQWDOYDOXHRIUHVWRULQJPRPHQWLVJLYHQE\WKHH[SUHVVLRQ
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ZKHUH
)]DQG)]DUHWKHSRVLWLYHDQGQHJDWLYHYDOXHVRIWKHORDGDWWKHWHQWKF\FOHWRWKHOHYHUDUPDWWKHGLVWDQFHOIURP
WKHFHQWUHRIWKHEHDULQJ

1XPHULFDOPRGHOLQJ
7KHQXPHULFDOPRGHOLQJZDVFDUULHGRXWXVLQJVRIWZDUH$16<6ZKLFKZRUNVDFFRUGLQJ WR WKH ILQLWHHOHPHQW
PHWKRG7KHPRGHOLQJRILQGLYLGXDOORDGLQJFDVHLVGHSHQGHQWRQWKHW\SHRIVWUHVV)RUWKHVKHDUPRGXOXVWHVWPHWKRG
DQGUHVWRULQJWHVWPHWKRGSDUWVIRUDSSO\LQJKRUL]RQWDODQGYHUWLFDOPRYHPHQWVILJZHUHPRGHOHGDFFRUGLQJ
WR WKH DFWXDO WHVWLQJ 7KH EHDULQJ ZDV EXLOW IURP LQGLYLGXDO OD\HUV DQG WKHQ VXSSRUWLQJ DQG ORDG ZHUH DSSOLHG
6\PPHWU\IRUDQKDOIEHDULQJZDVXVHGIRUIDVWHUFDOFXODWLRQ1HR+RRNPDWHULDOPRGHOZDVXVHGIRUUHSUHVHQWLQJ
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HODVWRPHU$QHODVWRSODVWLFPDWHULDOPRGHOZLWKDGHILQHGZRUNLQJGLDJUDPIURPWHQVLOHWHVWRIVWHHOVKHHWZDVXVHG
IRUVWHHOVKHHW7KHW\SHRIHOHPHQWXVHGZDVGLPHQVLRQDOQRGHVWUXFWXUDO62/,'ZLWKWKUHHGHJUHHVRI
IUHHGRPSHUQRGH

 
  )LJ1XPHULFDOPRGHOIRUWKHFRPSUHVVLRQWHVWPHWKRGIRUEHDULQJVDQG
 
  )LJ1XPHULFDOPRGHOIRUWKHVKHDUPRGXOXVWHVWPHWKRGIRUEHDULQJVDQG
  
)LJ1XPHULFDOPRGHOIRUWKHUHVWRULQJPRPHQWWHVWPHWKRGIRUEHDULQJVDQG
5HVXOWV
7KHYHUWLFDOGHIOHFWLRQDQGPRGXOXVRIHODVWLFLW\LQFRPSUHVVLRQDUHWKHUHVXOWLQJYDOXHVIURPWKHFRPSUHVVLRQWHVW
PHWKRG)URP WKH ORDGLQJ LQVKHDU WKHYDOXHRI WKHPRGXOXVRIHODVWLFLW\ LQ VKHDU UHVXOWHGDQGIURPUHVLVWDQFH WR
URWDWLRQLWLVUHVWRULQJPRPHQW7KHYDOXHVIURPH[SHULPHQWDOWHVWLQJZHUHFRPSDUHGZLWKYDOXHVDFFRUGLQJWRWKH
VWDQGDUG671(1DQGWKHYDOXHVIURPWKHQXPHULFDOPRGHOLQJ7KHEHDULQJVDERYHWKHGRXEOHOLQHDUHIURP
W\SHDQGEHORZDUHIURPW\SH)LJ
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7DE5HVXOWVIURPWKHFRPSUHVVLRQWHVWPHWKRG±YHUWLFDOGHIOHFWLRQ>PP@
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
7DED5HVXOWVIURPWKHFRPSUHVVLRQWHVWPHWKRG±PRGXOXVRIHODVWLFLW\LQFRPSUHVVLRQ>03D@E5HVXOWVIURPWKHVKHDUPRGXOXVWHVWPHWKRG

7DE5HVXOWVIURPWKHUHVWRULQJPRPHQWWHVWPHWKRG
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 
)LJD%HDULQJXQGHUDFRPSUHVVLYHORDGE%HDULQJXQGHUDVKHDUORDGF%HDULQJXQGHUDEHQGLQJPRPHQWORDG
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&RQFOXVLRQ
7KHDLPRIWKLVSDSHUZDVGHPRQVWUDWHDEHKDYLRURIUHLQIRUFHGHODVWRPHULFEHDULQJVXQGHUYDULRXVORDGLQJW\SHV
([SHULPHQWDOWHVWLQJZDVFDUULHGRXWWRYHULI\WKHLQWHUDFWLRQRIUHLQIRUFHGHODVWRPHULFEHDULQJVLQEULGJHFRQVWUXFWLRQ
7KHUHVXOWLQJYDOXHVRIWKHSDUDPHWHUVREWDLQHGZHUHFRPSDUHGZLWKWKHYDOXHVIURPQXPHULFDOPRGHOLQJE\)(0
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